mechanisms through which the number of unmarried people is inflated such as for instance:
• An increase in the mean age at marriage which results in a greater proportion of unmarried men and women especially in the 20-30 age group.
• An increase in the rates of divorce or widowhood which results in more people living without a partner.
In sociological studies 1 postponed marriage, divorce and widowhood are usually considered separately. However, seen from a network perspective these are three facets of the same phenomenon, namely the non-establishment or severance of marital bonds. If m, d, w denote the marriage, divorce and widowhood rates respectively, it is therefore possible to define a generalized marriage rate as m g = m − d − w; this rate encapsulates both the establishment of new links and their dissolution through divorce or widowhood. Our objective is to see to what extent these rates are connected with suicide rates. In accordance with the extreme value technique defined in earlier methodological guidelines we first examine three fairly extreme situations (i) the suicide of young widowers (ii) the effect of a 200% decline in marriages rates (iii) the effect of a huge and sudden increase in marriage rate. Baudelot and Establet (1985) , Besnard (1997) , Conrad (1911, p. 466) , Nizard (1998 ), Statistiske Centralbyrå (1926 The figures in the previous table were averages over age groups. They are of the same magnitude as the ratio (suicide rate of non-married people)/ (suicide rate of married people) that we considered in the previous chapter. However, if we examine more closely the detailed figures by age groups, a new and fairly surprising effect shows up, namely the fact that the ratio reaches high levels for young widowers. This is documented in Fig. 10 .1 which may be compared with Fig. 9 .1. This feature has been confirmed by several studies, e.g. Smith et al. (1988) , Luoma and Pearson (2002) . Except for qualitative psychological interpretations, no clear explanation of this effect seems to be known. Nevertheless, and this is the point which is of importance from our perspective, there can be little doubt that the high suicide rate of young widowers is the direct consequence of the severance of the marital bond.
Can we conclude from Fig. 10 .1 that the strength of the marital bond decrease with age. Before answering, one must examine if the ceteris paribus condition is satisfied.
It is precisely with this condition in mind that we studied the ratio widowed/married rather than the suicide rate of widowed people taken alone. The numerator and denominator refer to individuals who are identical except with regard to the marital bond. Thus, the natural conclusion seems to be that the strength of the marital bond decreases with age. However, the fact that the suicide rate of young widowers is also much higher than the rate of bachelors suggests that the loss of a wife has effects which go beyond the sphere of the family unit.
In a previous chapter we argued that molecular interactions often provide an insightful parallel into less known social interactions. What does this parallel tell us in the present case? What would be the physical analog of the inability to establish marital bonds for instance because of a male-female imbalance? It is similar to what occurs in a water-ethanol mixture when there are less than 3 or 4 water molecules for each ethanol molecule; indeed, the normal configuration of a mixture of water and ethanol comprises water-ethanol complexes in which one molecule of ethanol is surrounded by 3, 4 or even more molecules of water. Thus, if the concentration of ethanol is too high the excess ethanol molecules remain unbonded to water molecules; instead of experiencing the (higher) interaction of the mixture they experience only the interaction they would have in pure ethanol. The analog of the ratio (never married)/married would be the interaction ratio (ethanol not bonded to water)/(ethanol bonded to water).
It is more difficult to find a physical parallel to the notion of widower. In physics, the standard way to define the binding energy of an interaction A -B is to estimate the cost in energy to separate A and B until the distance d AB becomes infinite.
The closest analog of this definition is the tie severance brought about by divorce or widowhood. However, once the molecules are apart, they do not have keep any
"memory" of their former situation; in other words, while the molecular parallel explains fairly well why the suicide rate of divorced or widowed people is approximately equal to rate of unmarried people, it does not explain why the suicide rate of young widowers is so much higher than the suicide rate of bachelors of same age.
One way to resolve this difficulty would be to say that for young husbands the loss of their wives also weakens their ties with the rest of the society.
Effect of falling marriage rates
At the beginning of the chapter we introduced the notion of generalized marriage rate, m g , defined as:
The widowhood rate w may be of significance for young generations in time of war, but in normal times it mainly concerns age groups over the age of 60; as it is fairly constant in short-and medium-term it will be left aside in most of the investigations conducted in this chapter. In 1910, the U.S. marriage and divorce rates were equal to 10 and 1.0 per 1,000 population respectively. In other words divorce played a fairly small role; the situation remained In France, the divorce rate also picked up in the 1970s but in addition the marriage rate fell considerably. In 1970 the marriage and divorce rates were equal to 7.8 and 0.8 per 1,000 population respectively, in 1995, they were equal to 4.9 and 2.1 (Eurostat 2004, p. 119,126) . As a result m g dropped from 7.0 to 2.8. What was the effect on suicide rates? Fig. 10 .2 shows that the changes in suicide and effective marriage rates are fairly parallel. To make the graph easier to read we represented −m g rather than m g . Table 10 .1 shows that the correlation between the suicide rate s and m g is equal to -0.95. Naturally, one should keep in mind the possibility that the two changes are in fact due to a third factor. A further test is to look at the time lag between the two series. If really the changes in m g bring about the changes in s, they must also precede them. In its principle this argument is correct, but one must observe that what really matters is the moment when the bonds are established or broken. Two persons can become engaged months or even years before they get married. In the 1970s it became more and more common especially in European countries for two partners to live as husband and wife without being married and to get married only after the birth of the first child. Through this mechanism the delay between bond genesis and marriage could reach 2 or 3 years 2 . Similarly, the marital bond is often broken months or years before divorce officially occurs.
On average during the period 1970-1995 the marriage rate is 6 times higher than the divorce rate (in 1970 the ratio is 9.7, in 1995 it is down to 2.3) which means that marriage deficit is the dominant factor. The main difference between postponed marriage and divorce is that the first effect affect young age groups while the second affects middle age groups. As an additional test one may therefore check whether the excess suicides are indeed more correlated with the young age groups. Besnard Thus, the maxima of the correlation indeed occurs in young age groups rather than in groups over 40. The fact that the maximum occurs in the 30-39 age group can be related to the observation (already made in Fig. 9 .1) that remaining unmarried seems more difficult to accept after the age of 30, perhaps because in this age group the number of unmarried people is lowest.
regulation through which women born before 1944 were eligible for a pension after the death of their husbands provided they were married at the end of 1989; in addition the husband had to be under 60 at the time of the marriage. Did these marriages really correspond to the genesis of new bonds or were they merely validations of existing unions 3 ? It is difficult to know. However, Fig. 10.3 shows that the effect on suicides was not very impressive which seems to suggest that indeed most of the marriages were simply validations of existing unions. This outcome makes this case fairly disappointing but on the other hand it also attracts our attention on the distinction between the bonds themselves and the way they are registered. Great caution must be exercised in this respect.
Connection between mean age of marriage and suicide rate
The theoretical argument used in the previous chapter can fairly well be adapted to the present situation. Instead of reasoning in terms of marriage rates it is simpler to reason in terms of mean age of marriage. Thus a first step is to show that the two variables are almost equivalent. Besnard (1997) reports that in France between 1968
and 1993 the correlation between mean age of marriage and marriage rate was -0.89 for males and -0.88 for females. The regression is as follows: These results lead us to the conclusion that marriage rate (x) and mean age of marriage (y) are related by a relationship of the form: y = ax + b where a is comprised between 1 and 2 and b is of the order of 30 years. 3 In addition, some of the marriages may have been white weddings not corresponding to real bonds.
The argument has the same starting point as the reasoning used in the previous chapter, namely the fact that the suicide rates of non-married persons are about twice as high as those of married persons. Suppose for instance that between time t 1 and time t 2 the mean age of marriage increases from 23 to 28 years. Let us denote by g m the age group 21-30. Initially, only 3/10 of the age group are unmarried, but at time t 2 this proportion jumps to 8/10; therefore one expects an increase in the suicide rate of this age group given by:
where t and kt are the the suicide rate of married and unmarried people respectively.
More generally, if the mean age of marriage increases from a 1 to a 2 the change in suicide rate will be:
In the next sections we design several experiments to test this kind of relationship.
Longitudinal test
As our objective is to observe the effect of a change in marriage rates on suicides, we must select time intervals which display substantial variations in marriage rate. In many industrialized countries there was a notable trough in marriage rates during the time interval 1920-1940. This is illustrated for the case of the United States in Fig. 10 analysis we estimate the correlation between m g and the suicide rate s is a given country in the course of time. This is the purpose of the present section. In the crosssectional (or spatial) analysis, one studies how different countries of regions respond to a similar input signal; this will be examined in the next section.
We now come back to Fig. 10.4 ; it displays three variables: marriage rate, suicide rate and unemployment. The suicide rate is seen to peak in 1932; often in the lit-erature this peak is attributed to the Great Depression but this is a poor explanation because the suicide rate started to climb in 1920 whereas the Great Depression began in 1929 as is reflected in the curve of the unemployment rate. The curve of the suicide rate and of m g are highly correlated: the correlation is -0.95 (Table 10.2) whereas the correlation between unemployment and suicide is substantially lower.
We do not yet know what brought about the fall in marriage rates after 1920. Naturally, many tentative explanations could be proposed 4 but our main objective is to understand the connection between changes in the strength of ties and suicide. What determines that strength is beyond the limits of our present study.
The next section complements the longitudinal study by cross-sectional analysis.
Cross-sectional analysis
As we have already done in the previous chapter we perform the cross-sectional Eventually, 12 states turned out to satisfy these requirements. The corresponding changes in effective marriage and suicide rates are shown in Fig. 10 .5. The correlation and regression coefficients are given in Table 10 1905-1918 or in 1946-1965 . In a more general way on what criterions should one rely to select time intervals which are appropriate for this kind of study?
• The first requirement, as already mentioned, is that marriage rates change substantially.
• The second requirement is that no other effect comes in competition with the influence of marriage rates. In the next chapter we will see that immigration can have a marked effect on suicide rates, especially if the immigrants come from countries where suicide rates are much higher (or much lower) than in the country of desti-nation. Therefore, if one wishes to focus on the impact of marriage rates, one must select periods during which immigration is small. In most countries the inter-war period 1918-1940 was an excellent time in this respect.
Although it is the most important, the marital bond is of course not the only link between an individual and the rest of the society. In the next chapter we examine situations in which individuals are deprived not only of marital bonds but also of links with relatives or friends. In particular we will try to estimate how long it takes to rebuild a network of links when individuals have to switch from one social environment to another. Notes: The table gives the correlation and regression coefficients between percentage changes of effective marriage rates (m e ) (i.e. marriage rate -divorce rate) and suicide rates. For each of the territory we consider changes over two time intervals I 1 and I 2 ; over the first interval marriages decreased in most territories whereas during the second they mostly increased. The negative correlations show that suicide rates increase (decrease) when m g decreases (increases). Due to data availability I 1 and I 2 are not exactly the same for the two samples; for American states: (1925, 1932) , (1932, 1940) , for industrialized countries (1927, 1932) , (1932, 1937) . The 12 American states are listed in the caption of Fig. 10.4 15-24, 25-34, 35-44, etc. in the U.S. and 25-29, 30-39, 40-49, etc. in France. Young widowers have a very high suicide rate, of the order of 1,000 per 100,000. This rate is higher than the rate of married people but it is also higher than the rate of unmarried people. As the number of young widowers is small, the numbers of suicides in the youngest age groups is not large; in the U.S. over 1979-1980 there are 34 suicides in the 15-24 age group and 112 in the 25-34 age group. Consequently, these points have fairly large error bars due to statistical fluctuations. The fact that young widowers have very large suicide rates is confirmed by several studies, e.g. Smith et al. (1988) , Luoma and Pearson (2002) . Sources: U.S., suicides: Vital Statistics of the United States, 1979 ,1980 Sources: Besnard (1997 , p. 757), Eurostat: Statistiques de population, Chapitre G: Nuptialité (2004 . . December 1989 was marked by an exceptionally high number of marriages; the fact that this month is a minimum in the number of suicides is not due to the seasonal pattern of suicides for it can be verified that the deseasonalized suicide series also displays a minimum in December 1989. However, on account of the the huge number of marriages, one would have expected a more pronounced minimum. Probably most of these marriages were validations of already existing unions. (1975, p. 64) : 1925-1932 and 1932-1940 (labels in italic) . The plot shows that the relationship between marriage and suicide is weaker in the second region than in the first, an observation already made in the longitudinal analysis of S. 1928 ,1934 ,1953 . Suicide: Linder and Grove (1947 ), Mortality Statistics (1932 .
